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(54) Multilayer printed circuit boards 

(57) A muRitayer primed circuit board comprises a 
core substrate, mtltil^er wiring layers formed thereon 
and a solder pad group formed by two-dimensionali/ 
arranging pads provided with solder bumps on The sur- 
face of 1b8 muHilsper wiring layer, in which the solder 
pads of the eoJder pad group are arranged in only a 
peripheral portion other than a centra) portion to form a 
frame ehape and the solder pads located at the outside 
part among the frame-shaped soWer pad group are 

Fig, 7 



constructed with flat pads each connected to conductor 
pattern on their surface and solder bumps formed on 
the surfaces of the Hat pads, while the solder pads 
located at the inside part are constructed with viahples 
each connected to an mnerlayer flat pad group located 
in an innerfayer and solder bumps formed in recess por- 
tions of these *iaholeet 
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Eteeeriptfea 

BACKGROUND OF THE INVENTION 

Field of the Invention 3 

The present Invention relates to a multilayer printed 
circuit board, and more particularly to a multilayer 
printed circuit board for the mounting of f llj> chips ena- 
ble of reducing the number cJ wiring layers white main- io 
taming high density packaging property on a suri&ce of 
a wiring substrate. 

Description of Related Art 

In the multilayer printed circuit board lor the mount- 
ing of flQ> chip, a group of eotfer pads formed by arrang- 
ing many pads each provided wish a colder bump fe 
formed on a mounting surface. 

In general, the eoeder pad group is constructed sol- so 
der pads having a structure that ephere-ehspsd eoWer 
is formed on a surface of a flat and ds&c-shaped conduc- 
tor calldd as a mounting pad (or land) etectncaHy con- 
nected tea given conductor pattern of a wiring substrata 
through surface tension, which is electrically connected, 
for example, to an external terminal for mounting a 
package onto a mother board or the like through given 
wiring drawn from the moimttng pad- 
In such a structure of the solder pad group, how- 
sue?, the eo&er pads located In an Inner &de of the sol- so 
der pad group are required to electrically oortnect the 
conductor pattern connected to the mounting pad 
through wirings drawn from pade» which are located out- 
side the mounting pads at a teased stale, to the external 
terminals. Therefore, the- distance between the pads 35 
located near to the outer periphery of the wring sub- 
strate is required to surety take a region corresponding 
to tte width of the wiring and hence* there Is caused a 
prottem of making the high integration of electronic 
component* (chape) difficult 40 

K it is intended to attain the high integration of the 
electronic components (chips) in the abo*e structure of 
the eoSder pad groups the wiring pattern la made flne 
and hence the frequency of causing failure places 
becomes high. In the buSdup wErlrtg board forming the ag 
wiring layer* every one layer, it is difficult to oonrirm the 
failure in the production oounsa, so that if the failure 
caused even at one pJace in each wiring layer, ihe wiring 
board as a final product becomes feiture and the good 
laminated material should be disposed and hence there so 
is a problem 0$ fatftiiatjng the deterioraeon of production 
eff tciency and production yield* 

When the multaayer printed circuit board for mount- 
ing f Ifr ch&e is particularly manufactured t?y the buildup 
method, it Is necessary to attain the high integration of 55 
electronic components end at the same time the reduc- 
tion 0? the wfrlng layer number in order to cope with the 
mass production without deteriorating the production 



efficiency and the production yield. 
SUMMARY OF THE INVENTION 

It is, therefere, an object of the invention to proride 
a multilayer printed circuit board for mourning f op chfps 
which can realize high integration (Wgh dertstf fcatlcn) of 
solder pads and reduce the number of wiring layers 
while mafntalnirtg hEgh denstty packaging property on a 
surface of wing substrate 

The inventor has made various studies in order to 
achieve the above ofcgeca and as a result the invention 
has been accomptished. 

According to the invention, there is the prov&cn of 
a multilayer printed wiring board comprising a core sub* 
etrat*. multilayer wiring layers formed thereon by alter- 
nately laminating interlamlnar insulating layers and 
conductor cfrcutts and a aoWer pad group formed by 
two-dimensfonally arranging pads, provided with eoJder 
bumps on the surface of the multilayer wiring layer, 
characterized En that the solder pads of the ©older pad 
group are arranged in only a peripheral portion other 
than a central portion to term a frame shape and the sol- 
der pads located at the outskfe part among the frame- 
shaped solder pad group are constructed with flat pad* 
each connected to conductor pattern on their surface 
and soJder bumps formed on the surfaces of the flat 
pads, while the soWer pads located at the inside part 
are constructed with viahdee each connected to an 
innertayer flat pad group located in an innerlayer and 
soJder bumps formed in recess portions of these fa- 
ncies* 

In the mufftaayer printed clrcuft board aooorcflng to 
the invention, it is desirable that the softer pads located 
at the outside part of the soider pad group are adder 
perte located in first to fiSh rows viewed from the cuter- 
moftt periphery, and it is detirette that the interiaminar 
insulating layer has a roughened surfece having a sur- 
face roughnees of 5- 15 urn 

Furthermore, it iedesirafcle that a solder resist layer 
is formed on the multilayer wiring layer and an opening 
size d the solder resist is made larger than a diameter 
of each of the flat pad constituting the and the viands so 
ae not to overlap the adder resist with the flat pad or the 
viahde. 

Thus, the invention proposes a new structure 0$ the 
soider pad group in the muKilayer printed circuit board 
for mounting ftp chips comprising the core substrate, 
the mulfiiayer wiring layer formed by alternately lamcnat- 
ing the tnreriarrmar insulating Bayers and the conductor 
drains and the soJder pad group formed by two-dimen- 
sionally arranging pads proveded with eoWer bump* on 
the surface of the multilayer wiring layer. 

The term *1woKfrnenetonaDy arrangement' used 
here&i includes not only a method of arranging pads in 
form of network In X-Y directions ae shown in Fig. 2(a) 
but aJso a method of arranging pads zigzag In X- Y dEreo- 
tions as shown In Fig. 2(b). Particularly, the zigzag 
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arranging form fe advantageous in a point that the wiring 
can easily be drawn out from the fnslde pad toward the 
eternal terminal, 

Tha Envenibn is optimum to have a structure that 
tha arrangement of the $o!der pad group takes a zigzag * 
form as shown in Fig. 1 p) and the soWer pads located 
from the outermost row to a thfrd row In the so&ter pad 
group are oonnscfted to conductor patterns on the sur- 
face ofl the multilayer vtrtrfrtg layer. 

In order to draw cut the wiring from the solder pad to 
group in sucn a structure, it is favorable that tfte conduc- 
tor patterns to be connected to the pads of the second 
and third rows are arranged so as to divide a distance 
be&veen the pade of the outermost row (first row) into 
three equal parte and further the conductor patterns to « 
be connected to the pads of the thtrd row are arranged 
so as to divide a distance between the pad of the first 
row and the pad of the second row Into tow equal parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

The invention will be described wtito reference to the 
accompanying drawings, wherein: 

1(a) is a dsagramniatic&Hy section view of a first so 
embodiment of the multilayer printed ctrcidt beard 
according to the invention; 
Kg* 1(b) te a schematic view illustrating a wiring 
state from soSder pads on a surface of a wiring 
teyer; so 
figs. 2(a) and (b) are schematic views illustrating 
solder bumps arranged En form of network and 2ig- 
280> respectively; 

Fcg. 3 shows a ntudtaayer prtnted circuit board hav- 
ing a soSder pad group arranged on a surface of a 35 
multilayer wiring layer in torn of fell grid matrix, in 
which (a) is a view illustrating a connected state of 
inneriayer wiring© and (b) is a view illustrating an 
arrangement of sosdsr faunae; 
Rg. 4 shows a multilayer printed circuit beard ao 
aooording to the invention, in which (a) ie a view 
illustrating a connected state of innerlayer wirings 
and (b) is a view illustrating an arrangement 0 f ^ 
der bumps; 

Rg* 5(a) Is a *iew Illustrating an opening state of a 49 
solder resist on aflat pad; 
Rg. 5(b) is a view? illustrating an occurrence of posi- 
tion displacement of a solder bump in the flat pad; 
Bg r 6(a) is a view? illustrating an opening state of a 
solder resist in a viahole; & 
F«g, 6(b) is a view illustrating no occurrence of posi- 
tion displacement of setter bump En the viahole; 
Fig. 7 is a view ffluetrattng fitness of so ktet pattern 
into an opening off a solder resist fn solder transfer- 
ring method; s $ 
figs. d(a) and (b) are views illustrating formation of 
solder bump in the presence or absence erf solder 
resist respectively; and 



Fig. 9 is a schematic view illustrating an arrange- 
ment of adder bumps when the solder pad group 
arranged in a frame form has an octagonal shape. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

TTie ntuHiteyer printed cfrcidt board according to the 
Invention lies En a structure {hat the shape of the solder 
pad group formed on the surfeos of the muKiteyer wfring 
layer is a frame (ring) arranging the pade in only a 
peripheral pardon other than a central person and the 
solder pads located on outer portion among the frame- 
shaped solder pad group, desirably setter pads located 
from an outermost row to fi^h row are constructed with 
flat pads connected to conductor pa€ems on the sur- 
face and solder bumps formed on the flat pads, whOe 
the solder pads located in the EneSds portion other than 
the above solder pads are oonsSiuted with viahofles 
connected to flat Ennerl^er pad ©roup Cocated in the 
Inner layer and eoWer bumps formed in recess portions 
ofthevcahoSes. 

(n such a structure, the flat pads located from the 
first to f ^h rows among the solder pads of the solder 
pad group {eg, pads from first, second and third rows in 
Fig. 1) are connected to the conductor patterns on the 
surface and electrically connected to external terminate 
located outside of the so Wer pad group through wirings 
drawn out from these pads. At the same time* the pads 
other than the sofcfsr pads located from first to f K?h row 
(e.g. pads from fourth, fi£h and slash row in Fig. 1) are 
oormected to the flat irmeaiayer pad group located in the 
Inner layer through the vlahotee and etectricaDy con- 
nected to the external terminals located outside the pad 
group through the wirings drawn out from the innerlayer 
pads. 

That is. the oorafuctor patterns connected to the 
pads located from the first to f&h rows I n foe solder pad 
&cvp are connected to the external terminals through 
the wirings drawn out from the pads devouring she pads 
of first to fourth rows and the pede other than the above 
are viartoJes connected to the innerlayer pack and also 
connected to the external terminals through the wirings 
cfrawn out from the innerlayer pads. 

According to the invention, therefore, the structure 
that the wirings connected to the solder pads located in 
the inside of the solder pad croup are cSvided from the 
innerlayer pads and drawn out therefrom & used 
instead of the conventional structure that all wirings for 
connecting to we external terminals are drawn out from 
the solder pad $roup on (he surface, so that the distance 
between the solder pads on the surface Igyer can be 
decreased and hence the high denervation (high inte- 
gration) of the scMer pads can be attained. 

According to the invention, the shape o? the solder 
pad group termed on the surtaoe of the multilayer wiring 
layer is rendered into a frame (ring) arranging the pade 
in only the peripheral portion oiher than the central por- 
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tioa #h$reby the reduction of the wirtng layer number 
can be attained while maintaining the hfeh density 
mounting property of thesurfaceof mewlring substrata 
The reason will be descried betow. 

When the shape of the so!der pad group is a full 
grid matrix as stio«n En 3, In order to maintain the 
high density packaging property on the sur&ce of the 
wiring substrate, it is necessary that the setter pack 
located toward the central portion are sequentially 
divided and connected to each ftn&tayer pad group as 
an under tejfsr through the visnoJes and finally con- 
nected to me inneilayer pad group on the core sub- 
strate. In this shape, merefcre, ft is required to use the 
wiring layer tor dMding into ftnertayer pad groups, eo 
that the wiring layer number can notes decreased vtftite 
maintaining the Hgh density packaging property on the 
6t£rfa&3 a? th3 ring substrata On Uhts cUw hand, when 
trta shape of the solder pad group Is a frame form 
arranging the pads in only a peripheral portion other 
than the central portion as shown in Fig. 4, me setter 
pad is not existent in tho central portion, so thai the 
number cJ me ^rcrtg layers for dweding into mn&r\8^& 
pad groups can be decreased by the number corre- 
sponding to the roe? number in the cemrap portion assist- 
ing no solder pad. in mis case, in osder to maintain the 
number erf eolcter pad& (packaging density of setter 
pads), ft necessary that the (&c&n$ number cJ setter 
pads located in the osn&ral portion is compensated by 
increasing the row number at the outstte of the sotter 
p&dgroupL Ho&®m. the increase oi the row number at 
tha outside o? the solder pad groupie lees £n the tecWng 
ro® number in me centrall portion. In mo shape of the 
eettsrpad group according to the invention, therefore, at 
■s possible to reduce me number oJ me w&tng layer* 
whfle mafritefnirtg a high density p&cta&'ng property on 
the surface of the rartng substrate, 

ForeKampte when the setter pad group Is formed 
by arranging ia s^dsr pads every a side in a matrix 
form o? a square fuB grid as shown in Rg, 3, the fetal 
number of the soGdsr pads is 18 k 18 ° 324. On the oor> 
trary, as an sample of the indention, mere can be 
exemplified a solder pad groi^ arranged mafrarr^rorm 
by removing a square solder pad group o5 8 pads every 
a side from a central portion of a setter pad group hav- 
ing a square form o? 20 pads a side, in which me 
totel number of solder packie 20x20- 8x8=338. That 
is, according to me invention, it is poss&le to reduce the 
number oJ me wiring layers white maintaining the suffi- 
cient solder pad number by increasing only she two 
outer circumferential rows per a side as compared with 
8 rows removed from me central person. Furthermore 
the row number is increaesd ordy by two rows, so that it 
is not difficult to arrange conductor patterns dream out 
for connecting to external terminate and me like, and 
also the density of the solder pads is not lowered. 

Although the above embodiment is mentioned with 
respect to a case that me shape of the solder pad group 
arranged in the frame shape is a square shape, the 



shape may be rectangular, circular or polygonal such as 
octagonal or the Ufa as shewn in Fig. 9. Particularly, 
when the shape of the sofeter pad group is polygonal, 
the dstouring of me conductor patterns drawn out for 

$ connecting me soSder pads at corner par i to the external 
terminal or me like is becomes less as compared with 
tha case off rectangular or square shape. Further, pads 
cons&Sing o? ptural viahotes for adjusting me number of 
solder pads can ba formed in tha central portion exiting 

jo no solder bump. 

in the mutolayer printed circuit board aooorting to 
tha invention, me solder pads located in the inside por- 
tion en the frame-shaped solder pad group, desirably 
sender pads other than me softd&r pack located inward 

w from me first to fifm rows are a combination of v&ftolea 
connected to flat innertsysr pad group located in an 
inner layer and solder bumps formed in recess portions 
ofthevtahoEee. 

Aooorcflng to the above structure of fining solder in 

eo the recess portion oS me vfahoSe, therefore* me amount 
of the sotter can be increased and hence me accurate 
mounting is made passable by s^afenmsrtf effect 
resulted from surface sertsicn. 

The viahoie according to me invention has a struc- 

2S ture that a msaal mm tor etociirlc&ty cormecSng the 
innerkyar pad fc> m© conductor circuit on the surface of 
tha imerJarrdnsr insulating layer Is rormsd m an opening 
portion formed in the interfaminar insula$ng layer so as 
to expose me irtnertayar pad. By flHmg the solder in the 

oo recess portion off the vcahoilefctormed the settler pad as 
an embodiment off me structure according to mefimren- 
tlort Therefore, me te*en8on 33 not © tecrmfque of eflec- 
trtoaiDy connecting m<e Irmeriayetr pad to me conductor 
drouni on me surface o? the tntertarninar insulating Eayer 

35 through me setter as dfecteed. for ©xars^e, in 

337©95. & ma sotdsrea dfrecfty oontac&dwQh me insu- 
laeng resin layer as disposed 5n JP-A-4-337S85, the 
degradation of ma resin is caused by the cHffuatoi of 
lead. And also, the wasab!lity bstoeen r^n &?& sdder 

40 is poor, so mat me whole made torn tine solder is apt 
to be fallen do^n InthSspcant, aocording to the inven- 
tion, me viahoJe is made from the metal fflm and me sol- 
der is fiusd in me recess portion off the viafco5e> so that 
there is caused no degradation off me resin nor falling 

46 downofthevfefroJe. 

Moreover, me conductor pattern* of me multilayer 
wiring layer connected to the above pad group are con- 
nected to external terminals arranged on ma rear sur- 
face of the core substrate such as solder bumps, 

so conductor pms and me ifte through the mrough-holes 
formed m me co?e substrate; R&rticularJy; ft favoratoae 
that the multilayer wiring te^er formed by alternately 
laminating the conductor layers and the Ensuing resin 
layers tor electricallly connecting to me through-holes as 

$5 formed fn me rear surface off the core substrate and me 
soidsr bumps are fornix on the surface thereof (see 
Ftg. 1), 

In the multilayer printed circuit board aoooKfing to 
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the invention* the viaholes constituting ths sotdsr pad 
group are apt to be peeled off because they are con- 
nected only to the innetiaye? pads. In order to prevent 
the peeing of the viaholes. therefore, It Is de&rsbie thai 
a roughened surface having a surface roughness of 5- 5 
16 nm is formed on ihe irtterlarrrinar insulaflrts layer. 
When the surface roughness & less then 5 um, the 
adhesion Eirertgth to the viahote bnsufficierti, while 
whan it exossds IS yam, it is difficult to obtain f me con- 
ductor pasterns 

In the inwenSton, the solder resist layer is formed on 
the surface of the multilayer wiring layer. In fras case, ft 
is advantageous that the opening size of the adder 
resfot is made oarger than the dtemeier of the fiat pad 
con&HuBng the solder pad or fte tfahole so aa not to 
overlap the sdder resist «riih the pad or viahole, 
whereby the psd end vxshoJe are oompieieSy exposed 
from the openly of the so!der resists. 

In ths structure c? the rcgher migrated solder pads 
as in the ErwenBon, when the opening size of the solder 
resist Is made smaller Shan the diameter of the pad* R 
the opening & formed by subjecting the solder resist of 
the phoiosensjEras resin to a fight exposure cteveJop- 
ment (so-called photolithography), the posJtton shying 
of the opening portal Is caused by temperature expan- 
sion and shrinkage 0$ the photomask and hence the 
exposure arse ©J she psa cs eubstentiatiy decreased. As 
a result ^fcen the solder t$ formed on the opening por- 
tion, proems such as flowing of solder, solder bridge 
and the Eke are apt to be created end the mounting reli- 
ability of Ihe ooffipcsrterot bsoomse poor. 

On fheothsr hand, bitfteeonveri&onal technique of 
oon^euSng m eoWsr pads located on the surface o? the 
muttilaiyer wiring toyer wish fBa* pack. aD of the flat pads 
are connected to the conductor patters in the seme 
teyer existing the pads* Therefore, when the opening 
size of the soldsr res&t 5s rnsde larger than the diameter 
of the pad r a pert 0$ the wiring on the conductor pattern 
is apt to be at an es^osed state (see Rg. 5(a)). As a 
result if the eoBder "ts formed on the sokfer resist, it is 
placed on the exposed wiring of ihe conductor pattern 
to taw the sdtfer bump and also frs position stuffing of 
the solder bump Is caused (see Fig. 5(b)). 

According to the Irwentfon, the solder pad group 
otter than the soJder pads boated at the outside of the 
frame<shaped sotts? pad group are constituted with sol- 
der bumps formed in the recess portions of the vEaheJes. 
so thai tftsy are never connected to the conductor pat- 
terns located in the same layer. Further, in the ir&enson. 
the pads for the formation of sotdsr bumps ere not newty 
wired from the viaftotee, eo that even when the opening 
size oJ the eoktar resist fe made larger than the diameter 
of the viahole, the wiring of the conductor pattern is not 
exposed from the opening portion of the softer resist 
(see Fig. 6(a)). Therefore, when the solder bump is 
formed in the recess portion of the viahole according to 
the invention, the lowering of the softer bump Is not 
caused and also the position shifting of the solder bump 



is not caused {see Ftg. 6(b)). 

The structure thai the opening size of the solder 
resist is made larger than the diameter of the pad is par- 
ticularly advantageous when the solder bump is formed 
by solder fran herring method- The solder trar^f erring 
method Is carried out by etching a solder feal attachsd 
orfo afflm to form patterns of solder fan at places corre- 
sponding to positions of pack, placing the patterned so3- 
dsr foil eo as to contact with the pads and refMng 
under heating to transfer the soBder onto the pads 
because the soJder * not drapable wifih the film but is 
drapable v»8h metal In such a adder tranafenring 
method, an area of sosder foil pattern tormsd on the film 
is generally larger than the pad. Therefore, v^ien the 
opening size of the soder resist is made larger than the 
diameter of the pad , the solder pattern is just fated into 
the opening portion of the setter resist to easily conduct 
the posittortng thereof (see Fig. 7). 

In the mutsnsyer printed circuit board according to 
the Eroention, the wiring layer located as an outermost 
layer fe formed by flat pads and v&rtcJea between plat- 
ing resists through the parting resist and ©solder resist 
layer having opening portions tor exposing the fiat pads 
and viahotes is formed cm the surface tftersoi It 
advantageous that the operdng siz® of the solder res&t 
layer §s made larger than the diameter of the pad or the 
viahole to expose a part of tfte pads, viaftoiee end the 
plating resist 

By such a structure, a surrounding £de face of the 
pad or the v tahole fc oowsred wKh the plating resist (see 
Fcg> 3). Therefore, frie solder is not adhered to the sur- 
rounding elds faca As a reeuB; the solder bump is not 
lowered and the conrtscBoni sefiabHity §s eaceQent 

The production of the mulliiayef printed circuit 
board according to €10 inversion) tsH be described 
baton 

Moreover, in heat cycle, credos may be generated 
in the imsrlamow insulating resin layer (the adhesive 
layer for etectrotess piaffing) esartntg torn a boundary 
between the plating resist and the conductor pattern. 

In order to prevent the occurrence 0? cracks, it m 
desirable that the opening size of the soWer resist layer 
Is made smaller than the tfarnster of die flat pad or the 
viahole so as to overlap the soJder resEst wlft the pad or 
the vtaho5e as ehc^n In r©. iq. 

Furthermore, when the nmMayer printed circuit 
beard is manufactured by the senti-adtftive process, a 
pasting resist <s not esostent in the multilayer printed cir- 
arit board, eo that ihe pesfirtg of ths eoldar is apt to be 
caused, m mis case, when the opening efee of the sos- 
cter resist cs made smaller then the diameter of the flat 
pad or the viahole; the pasting of the solder pad can be 
prevented. 

(1) An innerlayer copper pattern 2 and innertayer 
pad are finst termed on a surface of a substrate 
(core material). 

The formation of the oopper pattern 2 on the 
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substrate 1 is carried out by etching a copper dad 
laminate, or by a method whereEn an adhesive layer 
for eJeciroloss plating is formed on a substrata such 
as class epoxy substrata, pcSyirnEcte substrate, 
o&antic substrate, m^taJ substrate or the Kha and a $ 
surface o? iha adhesive lay&r is roughened to form 
a roughsned surface and than subjected to an etec- 
troleas pfe&ig. 

Rarttcufesly, when the copper pa3em 2 te 
formed by averting the copper clad laminate, it la tc 
dssarabfle that a aoSverttft ae insulating resrn (epoxy 
resin or pcfyintida radn) is applied and cured and 
pofished to expose the copper pattern 2 and 
smcothsn the eurfece of ffie subssrate. The 
smoothsning of the subsaraa© surface fedfitataa the r* 
Itghi erasure and dswaHopmant because a thEdc- 
nesso? a pho&sensi&re insulating resan layer to be 
formed on ^© substrate surfaced mad© wrtJorm. 

fttaeover, through-holes 4 are formed in the 
core eUratrate 1 eftewn in Rg» 1 , and frortf and hack eo 
wiring (ayes* are eSsciricasV connected to each 
o&er Unroi^h 3ie t hjeugfo-hctee 4. 
(2) Than, an iniertarnnar insulating layer 5 is 
formed on the trmeriayer copper pattern 2 and 
irmsrteyer pack farmed to the ton (1), The inter- zs 
laminar insuiating tey&r 5 is desirable to be made 
from a thermoasiung reata mcfo as epoxy resin, 
polyWda restn, bfemaletmide friaane resin, phe- 
noBc resin or tha i&a: m phciosans&ivs resin 
obtained by photos&nsHtesng the thetrmo&efcing 50 
rssln; a themtoptasSc resin such poSyether suV 
phorts or the B2<©; a composite off the thermoplastic 
resin artd the thermoesSSng realm or a compear c£ 
the ftemogtiasiic ressjii and the photosensitive 
resin. as 

The auriaoa oJ the resin Bayer may be subjected 
to a roughening traafcnamj \M\ an o^cfeing agent, 
an add. an a) kali or ®ua fite Because the adheefon 
property beta/sen the surfece and a conductor dr- 
aft formed thereon can be improved by auch a 40 
rcugherting. 

As the inJartamirtar insutatirtg material* it is par* 
tteuJarfy desfrabie to uaa an adhssfcetor electretess 
pSating. The adhesive for eQecftroless plating la opti- 
mum to be formed by dispersing heas^eefetant <s 
resin partides solute in add or oradizeng agem Ento 
a heafc-reeistarfl resin hardly sciubte in acid or tm- 
dizing agent TOte is due to the feci Shaft octopus 
trap-shaped anchors can be formed on tfta surface 
by removing $ia hsaft-reaisfcant ra&En parttelee solu- 90 
ble in add or oxidising agertt ^rotc$h roi^henir^ to 
considerably improve the adhesion property to the 
conductor ctrewt 

As Vie heat-rss&ant rastn hardly soluble in 
acid or oxttteing agent En the adhesive, ft ta desira- ss 
ble to use a photosansHiz^3 thermosetting resin or 
a composite of photosensftiaed thermosetting resin 
and thermoplastic resin because viahoSes can eas- 



ily be formed by light exposure and development 
after the photosensfttea&orv Furthermore the 
toughness can be Improved by the composite with 
the thermoplastic resin, whereby the peel sirertgfr 
of the conductor dram can be improved and the 
occurence of cracks in the viahosa portion through 
heat cyds can be pTavantted. 

Concretely; the use of epo«y acryJate cS>teirted 
by reacting ©poxy resin wish acryGo accd or meth- 
acrytfc actd, or a composite of epoxy acryiate artd 
polyether sutphona sa fevorabte. As the epoocy ac- 
y^asa it isdesirabte that 20-80% c5 aD epoxy group 
is reacted v*Hh acryDc acid or m^hacryOc add. 

in the edhdewe, the heat-re&saant resin par§- 
dee ara deeirabSe eo be selected trom <J) hsaa- 
reeis^n* r^n ponder having an s*erage psnicBe 
size of not more than 1 0 urn, & aggregate partrdles 
having an average parade ease off 3-10 <um by 
aggregating heag-regs&nt resin ponder haMng an 
average partide esse of nc5 more than 2 j jn\ @ e 
mbdure of hsat-reetetant resfm powder having an 
average partide size 0?2-10 pm artd hcsK^afe^arvt 
raain powd^ having an average partclaarsaoi not 
more than 2 >im and @ iate paroles ofcaarned by 
adhering aft leasft one 0$ heaj-raaislani r^in ponder 
having an average pared© siz& of no? m tten 2 
pm and eno^gancc powder having an average pans- 
da ssse 0$ not more than 2 um to sur^ee cf hea^- 
reeisten* resin ponder rmving an sverage particle 
stee o? 2-10 jim because freee parttcJes can form 
oompSilcated anchors. As the resfcn in the heaS- 
resieEant resin partidea» spoxy re^n, amino resin 
(me&nrine res^n, urea resin, guansmEne reeinj and 
the DEko- are favorable. Particularfy. Qha epoty resan 
can cpScor^lly change iha sotubffisy to add or o»- 
cDzirtg ago« by varying a Wnd o? c^gomer, a kind o? 
a curing ageni and a crossBrftcng dsnsaty. For 
example, a cured product obtained by trea&ng 
tosphenoJ A4ype epo^ resan oligomer with an 
amine curing agsnt is easily cOsscSved in an owedte- 
ing agent while a cured prcduct oSjtsaned bjf treat- 
ing novoSac epoxy resin oligomer wfri an irnfdaaoSe 
ourlng agent is hardly diasoSved in an oxbcOslng 
agent 

As the add used in the insertion, mention may 
be made of phosphoric acM, hydrochtoricacid, sul- 
furic add and organic acid such as formic add, ace- 
tic acid or the like. ParfccuCarty. the use oJ die 
organic acid is desirable because a meia! induc- 
tor layer exposed from the viahoSe Is hardly oor- 
rcdedafi^rihe roughening wth the organcc add. As 
the oxidising agent, chromic add* permanganate 
(potassium permanganate or the like) are deeira- 
We. Particularly, in case c? removing the amino 
resin through dissolution, it is dssirabSs to aJter- 
nateJy oonduct the roughening treatment &fth add 
and ox Wising ag^it 

in the multilayer printed circuit board acoording 
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to the hwentkm, the mterlaminar insulating layer $ 
may be plural layers. For example, the foDowlrig 
forms may b& taken as the plural layers, 

G). The interiantirw insulating layer farmed ff 
between uppertayer conductor cfrcuft and 
underlayer conductor draft E$ an iriterfamJnar 
bleating layer cS t*«o-1ayer structure In which a 
layer near to the uppertsyer conductor circuit is 
an edhesiv® for e3ac«o!e$s pasting obtained by ?o 
dispersing heaft-resietant resin parttctes scJubte 
an acid or owdteing agent into hesft-reaisfarvs 
restn hardly soluble in seed or oxidizing agent 
and a layer near to tie underlay^ conductor 
circuit ta a h^-reesssant resin hardly sduble in w 
seeder oxidizing agsnt 

In this structure, if the adhesive layer for 
electroBses pJating Is too roughened by the 
roughening treatment, fttsre la caused no 
shortofrcutt befcveen the layers. 20 

The intertamtoar insulaftng laysr tormsd 
befoveen uppssteyer conductor ccrcuft and 
urtderts^er conductor circuit an imsrlaminar 
insulating tayar otffeea-iaj^r ssructors in wfficn 
a fdGng rcdn material is embedded b^tw^n 20 
ma undertayer conductor titcufts so as to bo 
same plana bst#©«sn the ura&riay&r conductor 
circuit and the filling resa\ and a heat-resistant 
restn layer haidV solute in acid or osddaing 
agent is tormsd tfwson, and further an atfhe- ^ 
srve tor electron plating obtafaed by dsspers- 
tng hest-reeletant rssfn particles soEubDe In acid 
or oHfdteJng agent into hea£-ree3e&nt resin 
hardV scSubJe in add or oxecfedng agerti && 
tormed thereon, 35 

In fltts structure, ths filling rasrn material filled 
betwo^ urK^e^ conductor circuffe, so thai 
tfie surface of the subs&nate baccm^e smooth and 
there is not caused poor development due to the ao 
scattering off the thickness. Further mors, the 
shrinkage through curing can be reduced to prevent 
waring of the substrate by including inorganic par- 
ticles such as silica or the Hfce into the filling resin 
material* Mwozmr, solvertHree re^n ie> dssirskJe 45 
as the filGng resin material, and particularly solvent- 
tree epoxy resin is optimum, US a sobent is used, fine 
remaining soVertf la vaporised by heating to cause 
intertanfrtar pealing. 

(3) After the interiaminar insulating layer 5 formed to 
in the item (2) is dried, an opening person tor via- 
hoSe is formed by fight exposure and develop in 
cose of the photosensftfce resin or by thermoseSing 
and laser work in case of the thermosetting resin, 

(4) After the surface of the InterlamJnar insulating 55 
layer 5 provided with the opening portion tor viahofle 

in the item (3) le roughened, a catalyst nucleus ie 
applied. 



As the catalyst nucleus, noble metal, colloid 
and the like are des&abte, and generally palladium 
chloride and palladium ooiiofc* are used. Moreover, 
it isdesiraWe to conduct a heating treatment for fix- 
ing the catalyst nucleus* 

(5) After the appQcatlon 0? the catalyst nucleus in 
the item (4), a plating resist 6 Is formed- 

As the plating rests* 6» commercially available 
product may be used, and also there may be used 
a composition of an imidazole curing agent and 
apoxy acrjrlate obtained by reacting epoxy resin 
with acrylic acid or ntgft&crylic add, or a compos*- 
iton oJ epoxy aorylate. potyether sufchone and an 
bmidazola curing ag&iL 

A raitto of apoxy acrytat^ to polyaihar adphone 
deeiinbJe to be about 5Q/50-80/&0. If the amount 
oS epoxy aorylate is too large, the f lenbiQty lowers, 
anile when it is too email, the photosensltfe/lt^ 
resistance to base, resistance to add, resistance to 
OKidizI rtg agent and the Bike lo^er. 

The otf>oxy acrytet® ^ dssiraWe to be a reaction 
product that 20-80% of all spewy groups is reacted 
with acrylic acid or meshacryftc acid. If the acryJa- 
von is too high, hydrcpwlic&y with OH grou2> is too 
high and the hygroscoptcify rises, white if it is too 
tevr. fine resolution lowers. 

As th^ epoxy resin being a bade eke teton resin, 
novolac type epoxy resin is desirable, because it is 
"gh tn the crosslsnkmg denssty and can ad^iSt the 
feater Absorption of the cured product to not more 
than 0.1% and is esccellent in the reea^ance to 
base. As the novotac type epoacy reeSn, there are 
creeol novolac type epoay resin and phenol no^oSac 
iypeepcxy ressru 

A portion not farming the pteing resist 6 in the 
item (5) is subjected to a primary psafirtg. In fate 
case, ftat pads 8 and viartolea d arranged in the 
nama form are formed in addfton to the copperpaft- 
tem. 

As a primary plating, it is deeiirabfle to be an 
alloy plating using at least two metal ions selected 
from copper, nickel, cobalt and phosphorus 
because these alloys are high in the strength and 
can improve the pee3 strength. 

In the eSectrcless plating soJutton for primary 
plating, it isdesirable to use hydroxy casboxylic ©cod 
*3 a oompaexing agsrtt forming a stabte complex 
compound wish copper nickel, ccbaft tons under 
basse condition, tn the aleord^s piasng aolution 
tor the primary plating, a reducing e$&tt for reduc- 
ing the metal ton into metaUic alem&n is desirable 
to be at least one selected from alctehyde, hypo- 
phosphate (called as phoephtrtate), hydride borate 
and hydrazine. "Tnese reducing agents are soSubSe 
bi water and excellent in the reducing power. Partic- 
ularly, hypophosphate desirable in a point cfi pre- 
c^pltatirtg ntoftel. 

In the electrclese plating solution tor primary 
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plating, it is desirably to use at least ens basse com- 
pound selected from sodium hydrewfcte, potassium 
hydroxide and calcium hydraxlde as a pH adjusting 
agent for adjusting 10 basic conditio*. Under the 
basic oondruon, hydroxy carboxyGc add forms a 3 
ccmpJex wfih nickel ton. As the hydroxy carboxyfic 
add. citric accd, mafic acid and tartaric acd are 
desirable. Thsy are easy to farm a complex with 
nickel, cobalt ex copper. Ths ocmcsnSratcmi of the 
hydroxy cafboxylic add dasiratoae to be 0. 1 -0.8M. 1Q 
When the concentration tess than 0.1 M . the com- 
plex can not sufficiently be foamed and abnormal 
precipitation and decomsos$on of the solution are 
causae! WhQ*. when it exceeds O.m, the prscferfta- 
tbn rate becomes sfro and the generation o? ; $ 
h^rogen undesfpabljf becomss frequent 

Ths electrolees pflattng solution for the primary 
plating te desirable Jo contain WpyrtdyL Because, 
fcpyrWyl can corfcol the occurrence of metall oxide 
in trts pJating bath to suppress the occurrence oJ *b 
nodule. 

ftfioreover, copper ton, nickel ton find cobalt ton 
are supplied by disschring copp&r, ntofcgl and cobalt 
compounds such as copper sulfas, ntokeJ sulfate, 
cobalt sulfate, copper chloride, nicfcaJ cttorfde. 
cobalt chloride and the fitae. 

Tne primary pteisd film made from such an 
eleccroJeeeplattng solute is excellent in the follow- 
ability to the roughened surface of the a&vee&e 
layer tor electrolees plating or trace© the torm of the 00 
roughened surface. Therefore, the primary plated 
fQm has the same anchor as in the roughened sur- 
face. As a result, a secondary pSated fitm formed on 
the primary pJated film ensure ihs aefheston prop- 
art/owing to such an anchor. AcoettUn&fc the prp- 35 
maiy psated fQm & destrabts to baa rtgfrs&ength 
psaied film precipitated from tho stecarol^ss plains 
solution cn order to control the psc3 sarengsh, vyfrrite 
the secondary plated film Is desirable to bo high in 
the electric conductivity and fast In ftie pr ecipSation 40 
rate end hence to be a plated film precipitated from 
a simple copper plating solution instead of a com- 
posite plating solution. 

(7) The primary plated film formed in the Rem (6) 
subjected to a secondary plating to form conductor <s 
drcute incMng the flat pack 8 and viahotes 9. The 
plated f am through the secondary plating is desira- 
ble to be a copper plated film. 

The electrolees plating solution for the second- 
ary plating is durable to be an etecboless piaffing $9 
eetadon comprising copper ton, trialkanci amine, a 
reducing agent and apH justing agent in whtch 
the concentration of copper ton ie 0.009-0-019 
mow, the concentration of the pH adjusting agent is 
0-25-0.35 mom and the concentration of the reduc- ss 
ing agent Is 0.0 1 -0.04 mow. Such a plating solution 
is stable In the plating bath and less In the occur- 
rence of nodule and the Gtoa. 



In the electrons plating solution for the sec- 
ondary plating, the concentration 0? trialkanoJ 
amine Is desirable to be O.I -0,8M. The plattng pre- 
dpftaston rate Is most promoted within such a 
range. As the triafcanoi a/nine, it is desirable to be 
at least one selected from frrethanol amine, triiso- 
panol amine, trimsihsnol amine and triprcpanol 
amine because Shay are sdubte in water. 

In the electrodes, plating solution for secondary 
plating, the reducing agent is desirable to be at 
least one selected from aldehyde, hypophoeph&te, 
hydride borate and hydrazine. They are soluble in 
water and excellent in the reducing power. The pH 
adjusting agent is desirable to be at least one basic 
compound selected from sodium hydroxide, potas- 
sium hydroxide and calcium hydroxide. 

Thus, there are formed vtaholes 9 each con- 
sisting of the primary plated film and the secondary 
plated fi&n tor electrtcaDy connecting the conductor 
pattern and the flat pads 6 arranged in the frame 
shape and the upperlayer conductor to the inner- 
layer pads. 

The wahotes are 14 x 14 - 8 x 8 a 132 in the 
embodiment of Rg. 1 and are formed on an upper 
eur&ce of the Oat irmedayer pad group of frame- 
arranged 102 pads for electrically connecting to the 
conductor patterns in the core subsists. Further. 
204 flat pads are formed in frame shape on the sur- 
face layer of the wiring substrate at the outside of 
thevcartole. 

Moreover, the solder pad group formed on the 
surface layer c? the wiring substrate is desirable to 
be connected to the conductor patterns In zigzag 
form as shown in Rg. 1(b). That is. as shewn in Ffe 
i(b) a the conductor patterns drawn from the pads of 
the second and third rows are arranged so as to 
divide the outermost peripheral! pads Ento ftree 
equal parts and further the conductor patterns 
drawn from the pads of the third row are arranged 
so as focfotdethepads of fas ftnst roar and the pads 
o? the second row into t*«o equal parts- 
(6) Tnea a photosensilfre solder resist 10 is 
appnecl, exposed to light and developed to form a 
layer c? eoCder resJ& 10 having an opening etee 
larger than that of flat pad 8 or viahoSe 9 at positions 
of the flat pads 8 and the riahelesa Concretely, the 
cSamsterof tr^flat^SislOO^thedlamsts'of 
the viahole 9 is 17S prn, the opening size of me sot- 
dsr resist 10 in the flat pad 8 is 125 pm, and the 
opening size of the sofc&r resist 1 0 in the viahole 0 
is 200 pm. 

(9) The surfaces of the flat pads 8 and yiaholee 9 
exposed from the opening of the solder resisa 10 in 
the item (7) are subjected to N5 plating and Au plat- 
ing in thte order. 

(10) Then, a solder foil is laminated onto a polyeth- 
ylene terephthalatefllm and subjected to an etching 
treatment so as to leave solder patterns on posi- 
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tk?ns correeponcfrig to the viaholee and the pads. 
Next, thfe f im is laminated so as to contort the sol- 
der patterns with the pads and tfahoJes and the sol- 
der b transferred to the pads and viahdes by 
ref bwng under heating to fcrm solder bumps 1 1 . j 
Moreover, a ratio of solder amount in the pad to sol- 
der amount in the viahole is, for example. 190:21 ft, 

The thus obtained multilayer printed circuit board is 
diagrammatic^ ly shown in Figi 1 . This multilayer primed jo 
circtrt board has also rnufoteyer wiring layers at the back 
side, which are fundamentally produced in the same 
manner as described abcva 

In the invention, a semi-additive process may be 
adopted hi addition to the full additive process as the >s 
method erf producing the multilayer printed circuit board 

The semi-adefcive process is a method wherein a 
surface of an Interlarrfnar insulating resin layer is rough- 
ened and subjected to an electrodes* piatfng of a thin 
thickness over a full surface and a plating rests* is 20 
formed on a portion of the efectrotees plated film not 
forming conductor and a portion not forming the resist is 
subjected to an eiectrdytic plating of a thick thickness 
and than the plating resist and the etectrdess pasted 
ffim located therebelow are removed to form a conduc- so 
tor circuit pattern 

As mentioned above; according to the invention, 
there can be provided multilayer printed circuit boards 
for the mounting of ftp cfcfcs capabte of attaining fre 
high integration (high dedication) of solder pads and so 
reducing the number of wiring layers while maintaining a 
high density mounting property of wiring substrate sur- 
face. Thus, it la possiWe to Improve the yfsid of ths mul- 
tilayer printed circuit board and reduce the production 
cost 25 



2. A multilayer printed droit board according to claim 
1, wherein the solder pads located at the outside 
pari of the solder pad group are soWer pads located 
in first to ffith rows viewed from the outermost 
periphery. 

3l A multilayer printed droit board according to dafrn 
1. wherein the Enterlamfnar Insulating layer has a 
roughened surface having a surface roughness of 
5-15 urn. 

4* A rruRiiayer printed droit board according to dafrn 
1. wherein a adder resist layer is formed on the 
multilayer wiring layer and an opening size of the 
solder resist is made larger than a diameter of each 
of the flat pad constituting the solder pad and the 
viahole so as not to overlap the solder resist with 
the flat pad or the viahole. 

5. A multilayer printed droit board according to claim 
1, wherein a solder resist layer is formed on the 
multilayer wiring layer and an opening size of the 
solder resist is made smaller than a diameter of 
each of the f ted pad constituting Hie solder pad and 
the viahole so as to overlap the solder resist wnh 
«ie flat pad or the viahole. 



Claims 



1* A multilayer printed circuit board oonprieing a core 
substrate, multilayer wiring lepers formed thereon 40 
by alternately laminating interiaminar insulating lay- 
ers and conductor circuits and a solder pad group 
formed by two-cSmenelonally arranging pads pro- 
vided with solder bumps on the surface of the mul- 
tilayer wiring Isyer, characterized in that the odder 4& 
pads of the solder pad group are arranged in only a 
peripheral portion other than a central portion 10 
form a frame shape and the solder pads located at 
the outside part among the frame-shaped adder 
pad group are constructed with flat pads each con- so 
nected to conductor pattern on their surface and 
solder bumps formed cn the surfaces of the flat 
pads, while the solder pads located at the inside 
part are constructed with viahdes each connected 
to an innerlayer flat pad group located in an Inner- 55 
layer and adder bumps formed in recess portions 
of these viahdes. 
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Fig. Z 
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Pig. 3 
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Fig. 4 
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Fig, 5 
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Fig. 7 
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Fig. 9 
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